Editor: Jay Gan For hydrophobic organic contaminants, physiologically based in vitro methods may need to include a sorption sink to simulate in vivo intestinal uptake. We compared PAH bioaccessibility in contaminated soils using five in vitro methods including physiologically based extraction test (PBET), in vitro digestion assay (IVD), method from Deutsches Institut für Normung (DIN), unified bioaccessibility method (UBM), and fed organic estimation human simulation test (FOREhST) in the absence and presence of Tenax as a sorption sink. The PAH bioaccessibility without Tenax were pretty low with values ranging from below detection limit to 13.4%, indicating the limited capacity of these in vitro models to accommodate PAHs. With addition of Tenax, bioaccessibility increased to 0.59-75.5% for all PAH congeners. Even with the dominant effect of sorption sink, bioaccessibility values significantly varied among all the five methods with DIN result being the highest at 7.0-34.8%. Based on multiple linear regression, Tenax, incubation time, and bile contents are identified to be the most important factors in controlling bioaccessibility. The understanding of these key factors for bioaccessibility is highly necessary to standardize in vitro methods, which helps to refine the assessment of health risk through exposure to ingested contaminants.
H I G H L I G H T S
• Identifying key factors influencing bioaccessibility is important for method standardization.
• Comparing results among in vitro methods with/without sorption sink to find key factors.
• Sorption sink, bile, and incubation time are key factors controlling bioaccessibility.
G R A P H I C A L A B S T R A C T a b s t r a c t a r t i c l e i n f o

Introduction
Polycyclic aromatic hydrocarbons (PAHs) are persistent organic pollutants that are ubiquitous in the environment (ATSDR, 1995) . Sixteen PAH compounds have been recommended as priority pollutants by the United States Environmental Protection Agency (USEPA) because of their toxicity, mutagenicity, and (possible) carcinogenicity. The total carcinogenic risk induced by PAHs is frequently expressed as total benzo(a)pyrene (BaP) equivalents, since human commonly expose to PAH mixture that each demonstrate a unique potency (Collins et al., 1998) . Humans are mainly exposed to PAHs in the environment via three pathways: inhalation, dermal absorption and oral ingestion . Among those, ingestion of PAHs from soil is the main route (Umeh et al., 2017) . Young children are particularly susceptible to soil ingestion due to their frequent hand-to-mouth activities such as playing on the ground and mouthing their hands, resulting in exposure to PAHs Ruby and Lowney, 2012) .
Mounting evidence shows that assessment of human exposure to ingested contaminants should not be based on the assumption of all contaminant is bioavailable, i.e., 100% bioavailability (Ruby et al., 2016) . In vivo assays using animal models are powerful tools to assess contaminant bioavailability in soils. Due to the high cost and ethical concerns associated with animal experiments, they are unsuitable for large-scale testing. Consequently, simple and inexpensive in vitro assays have been developed as substitutes to evaluate contaminant bioaccessibility, which can determine contaminants that can be solubilized in human gastrointestinal (GI) tract and potentially become available for absorption (Ruby et al., 2002) .
So far, several in vitro methods have been applied for bioaccessibility measurement, including the physiologically based extraction test (PBET, Ruby et al., 2002) , in vitro digestion assay (IVD, James et al., 2011) , method from Deutsches Institut für Normung (DIN) (DIN, 2000; Juhasz et al., 2009) , unified bioaccessibility method (UBM, Wragg et al., 2011) , and fed organic estimation human simulation test (FOREhST, Cave et al., 2010) . These methods vary in GI solution compositions as well as operation parameters, bioaccessibility measurement is therefore method-dependent. Comparison among in vitro methods has been conducted for heavy metals. For instance, Oomen et al. (2002) compared arsenic bioaccessibility in three contaminated soils using five in vitro methods. Large variation was observed among methods with arsenic bioaccessibility being 6-95%, 1-19%, and 10-59% for the three soils. However, such comparison for hydrophobic organic compounds (HOCs) such as PAHs is limited. This information helps to identify the key factors that govern contaminant bioaccessibility and is consequently important for in vitro method standardization.
Underestimation has often been observed for in vitro methods to predict bioavailability of HOCs in soils (Smith et al., 2012; Juhasz et al., 2014) . This is mainly because that static in vitro methods fail to simulate the dynamic uptake of HOCs by intestinal epithelium, which can create a concentration gradient for further mobilization of HOCs from soils Gouliarmou et al., 2013) . Consequently, in vitro methods have been improved by adding a sorption sink with strong affinity for HOCs into the GI solution, including C18 membranes in IVD (James et al., 2011) , silicone rod in PBET Juhasz et al., 2016) , and Tenax in PBET method (Li et al., 2015 (Li et al., , 2016 . Due to the dominant role played by the sorption sink, it has been proposed that different in vitro models may yield similar results with inclusion of a sorption sink . On the contrast, Zhang et al. (2015a Zhang et al. ( , 2015b showed that PAH bioaccessibility also depend on intestinal pH, lipid in food, incubation time, and bile concentration even in the presence of silicone as the sorption sink. For example, an increase of bile concentration in the intestinal phase lowered the partitioning of PAHs in the sorption sink. The intestinal phase incubation time may also affect the performance of the sorption sink, since the minimum requirement for an efficient sorption sink is that the majority of contaminants in intestinal solution need to be absorbed within the incubation duration. Therefore, it is important to investigate if bioaccessibility is dominantly impacted by sorption sink or is the function of both sorption sink and components/parameters in artificial GI solution.
In this study, PAH bioaccessibility in contaminated soils were measured by five in vitro methods (i.e., PBET, IVD, DIN, UBM, and FOREhST) without and with Tenax as a sorption sink. The objectives of this study were to (1) compare bioaccessibility values got from the five in vitro methods, aiming to find out the key factors that govern the bioaccessibility; (2) quantify the relative contribution from sorption sink as well as various GI components by multiple linear regression approach if the bioaccessibility was influenced by the combined effect of sorption sink and components in GI solution.
Materials and methods
Chemicals and soil samples
Standards for 16 PAHs were purchased from Aladdin Industrial Corporation (Shanghai, China). Stock solutions were prepared in methanol at a concentration of 5 mg L −1
. Tenax TA (60-80 mesh) was purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.), and cleaned before use by hexane: acetone (v/v 1:1) in a sonicator for 5 min for three times. The gastric and intestinal (GI) solutions for the five methods were prepared according to Ruby et al. (2002) and Gouliarmou et al. (2013) for PBET, James et al. (2011) for IVD, Juhasz et al. (2009) for DIN, Juhasz et al. (2009) and Wragg et al. (2011) for UBM, and Cave et al. (2010) for FOREhST. The detailed compositions of GI solutions can be found in supporting information as Table S1 . Chemicals used for these GI solutions were purchased from either Tokyo Chemical Industry (Tokyo, Japan) or Aladdin Industrial Corporation (Shanghai, China). The infant formula used in FOREhST method was bought from Costco (Kirkland, MA, USA). Other chemicals used in this study were of high-performance liquid chromatography (HPLC) or analytical grade.
PAH-contaminated soils were collected from Changzhou, China (soil #1) and South Australia (soil #2-5). They were air-dried and sieved to b250 μm for property characterization and bioaccessibility assay. Soil PAH concentrations were determined using gas chromatography coupled with mass spectrometry (GC-MS) after extraction by hexane: acetone (v/v 1:1). Physicochemical properties of the five soils and PAH concentrations are shown in Table 1 .
Sorption kinetics and capacity of Tenax
Sorption kinetic experiment was conducted to test the kinetics and capacity of Teanx to recover PAHs from intestinal solution. The kinetic tests were performed only for intestinal solution, since the working principle of sorption sink is that Tenax can simulate the uptake of PAHs by intestinal cells. However, the intestinal solutions contain all the components used in gastric solution for all the methods. In order to be consistent with bioaccessibility measurement, the gastric solution was firstly incubated at 37°C for the default time duration of gastric phase extraction, and the solution was then converted to intestinal solution by adjusting pH and adding intestinal components (e.g., bile and pancreatin), or by adding intestinal solution according to specific solid/solution ratios for each method (Table S1 ). Previous studies showed that solution composition and incubation time in intestinal phase affect the performance of sorption sink (Zhang et al., 2015a (Zhang et al., , 2015b . As a result, three methods were chosen to test sorption kinetic of Tenax, i.e., IVD with the shortest intestinal incubation time (2 h) and relatively lower bile contents (2 g L −1
), DIN with the longest incubation time (6 h) and high bile concentration (4.5 g L − 1 ), and PBET with moderate incubation time and bile content (Table S1 ). Aliquots of intestinal solution (20 mL) were preheated in 40 mL glass centrifuge tubes at 37°C and spiked with PAHs at a concentration of 10 μg L −1 for each PAH congener. Duplicate aliquots of Tenax (0.01 g and 0.1 g) were then added into PAH-spiked intestinal solution and shaken at 120 rpm in an incubator at 37°C for 5, 10, 20, 40, 60,120 or 240 min. At each interval, Tenax was separated from intestinal fluids using quantitative filter paper and washed with MilliQ water. The air-dried Tenax was extracted by sonication with 5 mL of acetone for three consecutive times. The combined extracts were evaporated to near dryness on a rotary evaporator (IKA®RV10, Germany) and then reconstituted in 2 mL of n-hexane. Following filtration (0.45 μm PTFE filters), the samples were stored in amber vials at −20°C until analysis. The sorption kinetics were described using the following equation:
where C t is PAH concentrations (μg L − 1 ) sorbed by Tenax at time t (min), C 0 is the initial PAHs concentration (μg L − 1 ) spiked into the intestinal solution, F eq is the fraction of PAHs sorbed at equilibrium, and k the rate constant (min
).
Assessment of PAH bioaccessibility in contaminated soil samples
In this study, five in vitro methods (i.e., PBET, IVD, DIN, UBM, and FOREhST) were used to measure PAH bioaccessibility in contaminated soils. Details about their constituents and operation parameters are listed in Table S1 . The extraction procedures followed that in Ruby et al. (2002) and Gouliarmou et al. (2013) After the intestinal phase extraction, supernatants were collected by centrifugation at 3000 rpm for 10 min. For FOREhST, a saponification process was carried out before supernatant extraction, where~2 mL of saturated KOH was added to 10 mL of the supernatant and rotated at 100 rpm in an incubator at 60°C for 6 h (Cave et al., 2010; Juhasz et al., 2014) . For all methods, an aliquot of 10 mL the supernatant was extracted with 10 mL of n-hexane for 30 min in a sonicator bath for three consecutive times. The extracts were combined and evaporated to near dryness on a rotary evaporator and then reconstituted in 2 mL of n-hexane. Following filtration, the samples were stored in amber vials at −20°C until further analysis. Parallel treatments were conducted by adding Tenax in the intestinal phase as a sorption sink. The harvesting and extracting procedures of Tenax beads were carried out according to Li et al. (2016) .
PAHs bioaccessibility was calculated using the following equation:
where in vitro PAH is the amount of PAH (μg) extracted by in vitro methods, and total PAH (μg) is the amount of PAHs in soil samples.
Instrumental and data analysis
PAHs were analyzed using GC-MS (Agilent Technologies 7890A-5977A) operated in selective ion-monitoring mode. Samples were separated on a 30 m × 250 μm × 0.25 μm Agilent HP-5 ms column with a carrier He gas flow rate of 1 mL min − 1 . Operating conditions were as follows: the oven temperature was programmed at 45°C for 2 min followed by an increase to 260°C at 10°C min −1 , and then to 290°C at 2°C min − 1 . Injector and transfer line temperatures were maintained at 300°C and 250°C. Multiple linear regression analysis was performed using SPSS 23.0 (IBM, USA). Graphs were plotted using GraphPad Prism 6 (GraphPad Software, Inc.). Statistically significant differences were established using one-way ANOVA and t-test and least significant difference at the 5% significance level.
Quality assurance and quality control
Triplicates were used for in vitro tests while duplicates were used in Tenax sorption kinetics. Procedural blanks were run together with each batch of samples, and sample signals were corrected by subtracting blank signals. Recovery efficiencies for PAHs were determined by spiking pristine GI solution with standards of PAH standards. For 2-and 3-ringed PAHs (naphthalene, acenaphthylene and acenaphthene), the recovery efficiencies were poor due to their relatively high volatility (Mastral et al., 2001) . The average recovery efficiencies were 8.90%, 60.6%, and 64.6% for naphthalene, acenaphthylene and acenaphthene, and they were not therefore included in the result and discussion. For the other 13 PAHs, 69.4-138% were recovered by liquid-liquid extraction from GI solution of the PBET, IVD, UBM and DIN methods. In FOREhST, food was incorporated to simulate the fed state, creating a complex system of chyme from which a good recovery efficient was difficult to obtain. After the saponification, the recovery efficiency was 55.5-96.8% by liquid-liquid extraction.
Results and discussion
Sorption kinetics and capacity of Tenax
As a sorption sink, Tenax should have high capacity and be fast at trapping dissolved PAHs to create a concentration gradient between soil and intestinal solution. In this study, the sorption kinetics and capacity of Tenax were tested by spiking 10 μg L −1 of PAHs into the intestinal solution of PBET, IVD and DIN methods. In previous studies, higher PAH concentration at 300 μg L −1 has been used to assess the sorption kinetics toward sorption sink such as silicone . However, the lower concentration at 10 μg L − 1 is more environmentalrelevant due to the low solubility of PAHs. For example, the solubility of benzo[a]pyrene (BaP) is b 6.2 μg L −1 (National Institute of Health, 1992). The sorption kinetic curves of Tenax and parameters simulated by Eq.
(1) are shown in Fig. 1 and Table 2 . With 0.01 g of Tenax as the sorption sink, the overall effectiveness was unsatisfactory. For PBET,~70% of spiked PAHs were adsorbed by Tenax but the time to reach 99% adsorption (t 99% ) exceeded the default incubation time of 4 h, with t 99% = 403-670 min for 5-and 6-ring PAHs. Similarly, for DIN method, adsorption of most PAHs did not reach equilibrium during the 6 h default incubation with t 99% = 180-1786 min. For IVD method, 0.01 g of Tenax was insufficient to adsorb the spiked PAHs (b 65% for 5-and 6-ring PAHs) with t 99% = 151-675 min, which was longer than the 2 h default incubation used for IVD. For all the three methods, the sorption rate t 99% decreased with the increase of PAH hydrophobicity, which is consistent with previous studies using Tenax (Li et al., 2015 (Li et al., , 2016 and silicone Juhasz et al., 2016) . It is reported that the rate limiting step for sorption of hydrophobic compounds by sorbent with high capacity (such as Tenax) is the transport through the aqueous boundary layer close to the sorbent (Mayer et al., 2003) . The transport rate through the aqueous layer is negatively correlated with its hydrophobicity (K OW ), which explained the inverse relation between sorption rate and K OW observed here.
With 0.1 g of Tenax as the sorption sink, the sorption of PAHs was efficient and fast. For PBET, the efficiency of PAHs sorption by Tenax was N93% and with t 99% b 1 h, which was shorter than the 4 h default incubation time utilized in this method. For the DIN method, all PAH adsorption reached equilibrium within the intestinal incubation time with t 99% = 25.2-146 min. In contrast to PBET and DIN methods, t 99% for five and six-ringed PAHs in IVD was longer that the 2 h default incubation time. Since crossing the aqueous boundary layer adjacent to the sorbent is the rate limiting step for hydrophobic PAHs, dissolved organic carbon (such as humic acid, organic acid, and surfactant) has been used to serve as carrier to enhance the diffusion rate of PAHs (Mayer et al., 2007) . For instance, compared with that in water, the diffusion rates of PAHs increased 1.3-36 times as humic acid concentrations increased from 15.3 to 383 mg L −1 (Mayer et al., 2007) . Among all in vitro assays, there is the least type of biochemical constituents IVD (Table S1 ), which explained its slowest sorption rates. However, the sorption data showed that N83% of PAHs can be adsorbed by 0.1 g Tenax after 2 h in IVD. Therefore, 0.1 g Tenax was selected as the sorption sink for the following bioaccessibility tests.
PAH bioaccessibility in contaminated soils measured by five in vitro methods without Tenax
PAH bioaccessibility in five contaminated soils with Σ 16 PAH concentrations of 19.8-739 mg kg −1 was assessed using PBET, IVD, DIN, UBM, and FOREhST assays. Bioaccessibility values for individual PAH congeners in soil 2 are shown in Fig. 2a with data for other soils being shown in Fig. S1 . In addition, comparison among all the five methods was conducted based on the bioaccessibility values expressed as the BaP equivalent (BEQ, Fig. 3 ), since BEQ is a convenient manner to express the hazards posed by exposure to PAH mixture since each share the same mode of toxic action with different potentials. PAHs bioaccessibility by all five methods without Tenax were low and ranged from below detection limit (i.e., 5, 6-ring PAHs in soil 1 and 2) to 13.4% (Indeno(1,2,3-cd)pyrene in soil 2 by DIN assay). The low PAHs bioaccessibility in contaminated soils was comparable to previous findings. For example, Juhasz et al. (2014) studied a creosote-contaminated soil using the FOREhST and found that PAHs bioaccessibility were low (b4%). Similarly, James et al. (2011) reported the PAHs bioaccessibility based on BEQ was b 13% in 8 soils using IVD method. The low bioaccessibility values can be partially explained by the non-equilibrium during intestinal phase incubation. For example, James et al. (2011) observed that equilibrium was not reached during the IVD extraction. By adding a colon phase and extending the extraction time to 11 h (1 h gastric + 2 h intestinal + 8 h colon), 4.6 times higher bioaccessibility was observed (Tilston et al., 2011). The incubation time in DIN assay was 8 h (2 h gastric + 6 h intestinal), longer than the other four methods, accordingly the PAH bioaccessibility based on DIN assay was higher. For example, bioaccessibility for individual PAH congeners in soil 2 measured by DIN was 1.85-13.4%, while the bioaccessibility values measured by the other four methods ranged from bdetection limit to 4.25%. However, the DIN results were still low at b14%, indicating the insufficient sorption capacity of GI solution for hydrophobic compounds like PAHs.
Comparison of the five methods was based on BEQ bioaccessibility (Fig. 3) . The most conservative bioaccessibility was measured by DIN method with values of 0.12-5.47% (average = 2.27%). Relatively lower bioaccessibility values were observed for PBET (0.067-1.98%, ave = 1.07%), FOREhST (0.34-1.53%, ave = 0.78%), and UBM (0.05-1.11%, ave = 0.57%), but overall no significant difference (p = 0.41) was observed for the four methods based on one-way ANOVA analysis. While IVD result was the lowest (0.001-0.49%, ave = 0.12%) among all the five methods, and significantly (p = 0.047) lower the DIN result (Fig. 3) . In addition, comparisons were also conducted for three, four, five/six-ringed PAHs. The similar order of DIN N PBET ≈ FOREhST N UBM N IVD was observed as that if compared based on BEQ bioaccessibility (Fig. S2) . The method-dependent results were the function of default incubation time and composition with surfactant-like properties (such as bile) utilized in different methods. The incubation duration is important for PAH sorption to achieve thermodynamic equilibrium (James et al., 2011) , while bile enhances PAHs solubility in GI solution through surface tension reduction and bile-lipid micelle formation (Tang et al., 2006) . For example, it has been reported that bile enhanced phenanthrene solubility by 74% using PBET assay (Pu et al., 2004) . In this study, the DIN method has the longest incubation time (2 h gastric + 6 h intestinal) and relatively higher bile concentration at 4.5 g L , both contributing to its relatively higher bioaccessibility values. In comparison, PBET method with 5 h incubation (1 h gastric + 4 h intestinal) includes a number of organic acids not used in other methods. Although FOREhST method contains higher concentrations of surfactant-like components (e.g. 6-fold more pancreatin and 2.8-fold more bile) compared to PBET, this enhanced capacity was offset by its shorter intestinal incubation time of 2 h. Since IVD uses the shortest incubation time at 4 h (2 h gastric + 2 h intestinal) and simplest constituents (Table S1) , it results in the lowest PAH bioaccessibility among five methods.
Inclusion of Tenax for PAH bioaccessibility assessment in contaminated soils
Different from human GI track, there is no dynamic uptake in static GI solution from the five in vitro assays, preventing further release of PAHs from the soil matrix. Therefore, Tenax was added as a sorption sink to maintain a constant desorption gradient to mimic intestinal uptake of PAHs. Fig. 2b shows bioaccessibility of individual PAHs in soils 2 measured with Tenax, with results for other soils showing in Fig. S1 . Comparison among all the five methods with Tenax was performed on the basis of BEQ bioaccessibility as shown in Fig. 3 . Much higher PAHs bioaccessibility was obtained with Tenax as sorption sink, which is consistent with previous studies. Bioaccessibility for individual PAH was b13.4% without Tenax, which increased to 0.59 (dibenz [a,h] anthracene in soil 2 by IVD assay)-75.5% (indeno(1,2,3-cd)pyrene in soil 5 by DIN assay) with Tenax. The enhancement of bioaccessibility after addition of Tenax was positively correlated with hydrophobicity of PAHs. For example, inclusion of Tenax increased three, four, five/six-ringed PAH bioaccessibility by 5, 6, and 11.2 folds. The mean PAH bioaccessibility ranged from 4.8 (Fluorene) to 20% (indeno(1,2,3-cd)pyrene), which is comparable to range of 2.1 (acenaphthalene)-20.8% (benzo[k]fluoranthene) in Juhasz et al. (2016) , where PAH bioaccessibility in soil samples measured by use of PBET with silicone as a sorption sink. The enhancement of bioaccessibility after addition of Tenax varied among the five methods. The most pronounced enlargement was observed for IVD as BEQ PAH bioaccessibility increased by 17.6-22,300 folds compared with no-Tenax treatment. The data indicated that Tenax played a more important role in IVD than the other four methods due to its weakest mobilization ability among the five methods (i.e., the simplest compositions in GI solution plus the shortest incubation time). For soil #1 and 5, bioaccessibility values increased 17.6 and 23.7 folds with Tenax in IVD, which were comparable to those from James et al. (2011) . In that study, C18 membrane was added into IVD as a sorption sink, 44 fold increase was measured for PAH bioaccessibility in 8 soil samples. However, an extremely large increase of 22,300 fold was found in soil #4, which attributed to its low bioaccessibility coupled with high TOC in soil #4 (TOC = 13.2%).
The pronounced enhancement of bioaccessibility with Tenax indicated the importance of sorption sink on in vitro gastrointestinal extraction (Fig. 3) . However, there were still significant differences among five methods even in the presence of sorption sink. For example, BEQ bioaccessibility by DIN assay was 7.0-34.8%, which was significantly higher than the rest four methods (p b 0.05). There was no significant difference among other four assays with the order of UBM (1.93-18.9%) N FOREhST (4.39-20.7%) N IVD (1.09%-22.3%) N PBET (1.22%-8.38%). Similar order was observed, i.e., DIN values were the highest with no significant difference observed for the other four methods, if comparison was conducted for three, four, and five/six-ringed PAHs (Fig. S3) . Overall, the differences among all the five methods indicated that there should be some other factors, besides sorption sink, exerting effects on the bioaccessibility results.
To figure out the determining factors, six independent variables were subject to multiple linear regression analysis (MLR), including incubation time, bile contents, amount of Tenax, soil black carbon (BC) content, K OW of PAH congeners, and solution/soil ratio of in vitro methods. The MLR predicted the relationship between bioaccessibility and these variables, which was as follows:
The correlation coefficients are listed in Table 3 . Based on MLR analysis, all variables were significantly correlated with a correlation coefficient R of 0.66. The standardized coefficient (β), with a range of −1 to 1, indicates the relative strength of the variables affecting bioaccessibility result. The closer to 1 of β absolute value, the stronger its influence on the bioaccessibility. As shown in Table 3 , the amount of Tenax was the most significant determining factor for PAHs bioaccessibility with β = 0.49, highlighting its dominant role as a sorption sink. In addition, both incubation time and bile content significantly impacted bioaccessibility (β = 0.39 and 0.25). This was consistent with our results. For example, because of the role of incubation time, bioaccessibility based on DIN with Tenax was higher than others. Similarly, the role of both incubation time and bile content helped to explain why bioaccessibility based on IVD without Tenax was the lowest given its shortest incubation time and lowest bile content. Results from the MLR analysis provided direct evidence suggesting that bioaccessibility values, besides sorption sink, were also significantly affected by incubation time and bile content in in vitro methods. There is some limitation associated with our MLR, since the correlation coefficient R was only at 0.66 even with all of the variables being significant by the t-tests. To gain a better MLR result, more variables, such as other constitutes besides bile, and more soil samples, need to be included. However, to quantify effect of various compositions and parameters in in vitro methods on bioaccessibility by MLR is a novel approach. This may shed light for future study to standardize in vitro method by identifying key factors governing bioaccessibility result.
Conclusion
In this study, we compared PAH bioaccessibility in 5 contaminated soils using 5 in vitro methods with and without Tenax as a sorption sink. Due to the dominant role played by the sorption sink, bioaccessibility of individual PAH increased from b detection limit-13.4% to 0.59-75.5% when Tenax was added. Based on the MLR analysis, besides sorption sink, method constitute (e.g., bile) and operation parameters (e.g., incubation time) also play an important role in bioaccessibility measurement. It is also necessary to investigate the effect of other factors on the bioaccessibility result. For example, the effect of solution/soil ratio cannot be neglected, even though not as important as sorption sink, incubation time, and bile, it exerts more pronounced influence (β = 0.19) on bioaccessibility than soil black carbon (BC) and Log K OW of PAHs based on the current MLR analysis. Once figuring out all the key components in in vitro methods, it is very interesting to test if the physiologically based in vitro method with Tenax can be simplified to Tenax-key component extraction. It would be advantageous if Tenax-key component extraction works equally well since it is much easier for operation when compared with physiologically based in vitro method coupled with Tenax. In addition, finding out the key factors for bioaccessibility is the prerequisites to develop standardized in vitro assays, which can be used to refine human health risk assessments.
